Ten years of monthly dataset of cladoceran (Diaphanosoma sp., Bosmina spp., Ceriodaphnia spp.) density in Lake Kinneret (spatially scattered lake sampling stations), Israel, was studied with the aim of searching impact factors controlling their dynamics. Statistical regressions indicated that out of several environmental factors (among others, non-pyrrhophyte algal biomass, invertebrate predation) only temperature factor was relevant. Additional speculative assumptions of zooplanktivore fish predation suggest this factor as a significant impact on cladoceran dynamics.
Introduction
The spato-temporal and bathymetrical distributions, as well as the eco-physiological characteristics of Cladocera in Lake Kinneret, were widely studied by the author. Metabolic activities during 1972-1977 comprised of two cycles: 1972-1974 and 1975-1977 suggested changes of nutritional values of potential food resources [1] . The role of cladoceran organisms within the Carbon flow pattern of the Kinneret ecosystem was analyzed [2] . The impact of food availability, fish predation and temperature on their distribution was documented as well [3] .
The potential impact of fish and invertebrate predation on cladoceran densities was documented [4] . The temporal changes of cladoceran metabolic traits in relation to changes in nutrient availability in Lake Kinneret were documented [5] .
The impact of temperatures on the densities of cladocerans assemblages was documented [6] [7] [8] . The relation of cladoceran population dynamics to fish predation and consumed algal preferences based on annual means were documented [9] . The temporal indications in those studies were annual or several months (seasonal) timing intervals. In the present paper, the monthly time units were considered. It makes it possible to implicate a precise insight into the temporal trend of changes of the cladoceran population.
Recent environmental changes within and around Lake Kinneret eco-system, such as, climate, hydrology, phytoplankton, and nutrients, did not have a direct impact on the cladoceran densities fluctuations. Nevertheless, an indirect impact on the cladoceran community was documented. Although climate changes of temperature increase, precipitation, river discharges and Lake-water-level decline, did not directly influenced long-term Cladoceran densities although seasonal fluctuations of temperature passively affected their dynamics. Climate changes also affected nutrient regimes in the lake. The Kinneret eco-system was shifted from P to N limited system. Phytoplankton composition was changed; hydrochemical cycles were modified as well; the metabolic trait of cladocerans were responsively changed but long-term change of density fluctuations of as a result of nutrient availability modifications was not indicated.
Material and Methods
The density of Cladocera in Lake Kinneret was monitored since 1969 and onwards. A decade (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) of the dataset was chosen for the analysis of monthly changes of the numerical density values (No/L) averaged for the whole lake. A program of spatial, temporal and bathymetrical sampling was previously described [2] [5] [10] . The cladoceran organisms in Lake Kinneret were grouped into three categories: Diaphanosoma (D. brachiurum: Lieven) [11] ; Bosmina (B. longirostris, O.F. Muller; B. longirostris Var. Cornuta, Jurine [10] ; and Ceriodaphnia (C. reticulate Jurine)) [10] . The cladocerans were separated into two age groups: 1 -3 neonates as "Small" and 4-adults as "Large" [8] .
Statistical analyses included: Fractional Polynomial (FP) Regression models which are based on functions of a continuous covariate [12] . This type of regression provides flexible parameterization for continuous variables which provide a wide range of shapes that include other shapes provided by ordinary polynomials. Data of phytoplankton and Epilimnetic temperatures were maintained from the Kinneret Limnological Data base [13] . The data presented here represent huge bulk of collected sample analyses, with spatial, temporal and bathymetrical justified cover, and therefore standard error and standard deviation values are statistically sufficient for the evaluation processes.
The estimation of population growth rate was done using the standard exponential population growth model: 
Results
The study of the relations between cladoceran densities and limnological parameters was initiated by computing Simple Correlation (Dependence Coefficient) between monthly averages of zooplankton groups and epilimnetic temperatures and Chlorophyll concentrations; results are given in Table 1 .
Results in Table 1 ) and probability (p) values are given in Table 2 . Several other types of statistical relations between Zooplankton parameters and algal groups or limnological features (Water Level, water inflows, Nutrient concentrations Secchi Depth, etc.) were insignificant. Polynomial Regressions between the Zooplankton body size ratios (S/L) and algal groups (Cyanophyta, Chlorophyta, Diatoms), epilimnetic temperatures, and Chlorophyll concentration were insignificant. The impact of fish predation is relevant but the available data is not monthly or seasonally accurate; therefore, it will be tentatively incorporated. 
The S/L

Intrinsic Rate of Population Growth (r) (Figures 3-6)
The actual size and dynamic fluctuations of the entire population are shown in 
Discussion
Relations between zooplankton densities and environmental conditions in lakes, either physical or biological factors, were widely studied. Lampert [14] documented zooplankton biomass build-up due to both favorable food conditions and low predation pressure followed by the development of "clear-water- groups : 1972-1974 & 1975-1977) changes of the food nutritional value comparatively analyzed and the impact on cladoceran metabolic activity was concluded [1] . Temperature effect on the metabolism of Ceriodaphnia was previously documented [6] . It was found that under a temperature of 15˚C (Kinneret winter time) metabolic activities of Ceriodaphnia reticulata was lower by 61%, 58% and 62% in comparison with 27˚C as measured by food intake, Ammonia excretion, and respiration respectively. The production enhancement of Ceriodapohnia in summer is therefore concluded as presented here ( Figure 6 ) by the increase of r values. The opposite trend of lower production (decline of r values) of Bosmina and Diaphanosoma in summer ( Figure 6 ) was indicated. It is suggested that the temperature elevation effect on the metabolic activity of Diaphanosoma and Bosmina is similar to Ceriodaphnia. Nevertheless, the summer low (Bosmina) or decline (Diaphanosoma) in "r" values ( Figure 5 ) are due to the spring-summer increase of fish predation. These conclusions are the outcome of both experimental studies of the temperature impact on metabolic activity and the multiannual-monthly data on population dynamics presented here (see also [5] ).
The multiannual study, when based on annual means, [5] similarly indicated enhancement of cladoceran production in summer which supports the assumption of a significant impact of fish predation on the entire assemblages during summer conditions.
Here, an attempt was tentatively made at the implementation of experimental data to the long-term monthly record of lake population densities. Results of Polynomial Regression analysis (r 2 and p, values) ( Figure 2 ) between young ("small") and matured life cycle stages ("Large") indicates significant relations where the highest is due to Ceriodaphnia (r 2 = 0.614) and the lowest to Bosmina (r 2 = 0.162). Consequently, it is suggested that environmental factors are similarly affecting the "small" and the "large". For example, if food condition parameter is improved and production rate enhanced, as well as intensification of visual particulate attacker fish predation pressure on "Large", the increase of S/L ration is predicted. Several other options are also relevant: cladoceran food sources deficiency followed by a lower production rate (relative decline of "small") or stock increase of filter feeder fishes which suppress the "small" higher than the "large"; also the decline of S/L ratio is predicted. The similarity of environmental impact on different groups of zooplankton is exemplified by the evaluation of the relationship between herbivorous (Young Cyclopoid stages and cladocerans) [19] and predator zooplankters (Adult Cyclopoids) ( Figure 9 ). Figure 9 indicates a positive direct relationship between herbivore and predator zooplankton biomass, e.g. similar eco-forces pressure on both. Food composition of the zooplanktivore Bleak (Acanthobrama terraesanctae terraesnctae, Mirogrex lissneri) fishes, which produce the dominant stock biomass in the lake is due mostly to zooplankton, and cladoceran biomass is the major component.
The ability to escape of adult predator Cyclopoids is much higher than that of herbivore cladocerans, which are therefore preyed upon more efficiently. It is suggested that fish predation (no data given) and Temperature are the dominant factors which have an impact on the cladoceran density dynamics. Figure 1 presents the multiannual monthly means of the S/L seasonal distribution which emphasizes seasonality. factor plays a major role in the complicated Kinneret ecosystem aimed at cladoceran dynamics. Since detailed information on seasonal and annual dynamics of fish stock biomass is not available, inserting this parameter into a comprehensive discussion is partly speculative. It is known that the most common fish in Lake
Kinneret is the Bleak Lavnun (Acanthobrama terraesanctae-terraesanctae and Mirogrex lisnerri), a zooplanktivore and Cladocera which are preferentially consumed. But seasonality and annual trend of stock biomass changes are unknown. Usually, if from statistical evaluations a perfect answer to the search for causa-tive parameters of the cladoceran dynamics is insufficient, a Model construction is the common solution. The modularity of complex interactions is very problematic or complicated. In a comprehensive model aimed at eco-limnological trait, there is a common option of an unwanted discord between noisy data when simulated with observed findings. A comprehensive eco-limnological (coupled physical and biological parameters) approach is commonly caused by the usage of many parameters and state variables whose validity is questionable. Several different parameter sets can produce similar dynamics. Moreover, the complexity of the food-web interaction aimed at the relevance of physical, biogeochemical and ecological coupled aspects make the validity of the model lower. Consequently, a simple model approach is more beneficial. Zooplanktivorous fish biomass impact on dynamics of nutrients and their partitioning among the ecosystem compartments linked to fish which strongly affect the nutrient dynamics and fluxes were documented by, among many others, [21] . Experimental results and the consequent computation of Carbon eliminated by a given biomass of zooplankton was estimated based on metabolic requirements (growth and grazing rates) of the grazers [2] [14] [18] [21] . Those coupled relations were used to estimate phytoplankton biomass fluctuations (Lampert, 1988) . The effectiveness of two factors, fish predation and Temperature is the essence of the present study. .The raw data of cladoceran monthly stock density fluctuations is given in Figure 10 and Figure 11 . All six cladocerans groups, Diaphanosoma, Bosmina, Figure 10 . Monthly averages of Small (left 3 panels) and Large (right 3 panels) organisms of Diaphanosoma (upper 2 panels), Bosmina (middle 2 panels) and Ceriodaphnia (2 lower panels) densities (No./l) in Lake Kinneret (1975 Kinneret ( -1985 . The fish removal by fishery management was documented by Sondergaard et al. [22] . This kind of management, namely, Biomanipulation, has been used in many shallow lakes aimed at water quality improvement. They summarized two such operations with an interval of 20 years between and concluded that repeated managements of fish removal might be a relevant strategy to improve the water quality of highly external nutrient loaded lakes. It is important to account the incomplete implementation of a model constructed for temperate ecosystems to the subtropical lake Kinneret. The advantage of a model is due to its simplicity and generality. Nevertheless, wrong implications are quite common:
Peridinium was a bloom forming phytoplankter comprised >50% of the annual carbon fixation in Kinneret. But this alga is not edible to zooplankton and some of the fish species in Kinneret. The ichthyofauna of Kinneret comprised mostly of planktivorous species but only one of them, the most common Bleak, con- Conclusively, the cladoceran density dynamics is mostly affected by fish predation and periodical temperature changes.
Summary
A 10-year period of monthly record of cladoceran density (No./l) dynamic was statistically evaluated. Several indications were tested of which no direct significant relationship was identified as a major component affecting animal fluctuations. It is not impossible that food conditions and invertebrate predations are optimal. Two relevant major impacts were indicated: Epilimnetic temperatures and fish predation, mostly due to the Bleaks (Mirogrex sp. and Acanthobrama sp.). This study represents the need for indication of actually impact of the dominant ecological factors which in fact control Cladoceran reproduction and consequently their density. The present study might be therefore considered as a recommendation for future perspectives, aimed at succeeding of biomanipulation operation, i.e. removal of unwanted fishes.
